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Background. Hydrochlorothiazide is a cheap and effective antihypertensive agent but may cause 
hyponatremia. Even though several risk factors for hydrochlorothiazide-induced hyponatremia 
have been reported, this study aimed to evaluate additional risk factors for hydrochlorothiazide-
induced hyponatremia in hypertensive patients. 
Materials and methods. The inclusion criteria were: adult patients, diagnosed with hypertension 
and receiving hydrochlorothiazide treatment. Eligible patients were divided into two groups: 
with and without hyponatremia. Those with hyponatremia were identified by using the ICD-10 
code E871, while those without hyponatremia were patients who did not have any reported 
hyponatremia until the last visit. The ratio between hyponatremia and non-hyponatremia group 
was 1:2. Predictors for hyponatremia were analyzed by using logistic regression analysis. 
Results. During the study period, there were 68 patients admitted due to symptomatic 
hyponatremia from hydrochlorothiazide. There were four independent factors in the model 
predictive of occurrence of symptomatic hydrochlorothiazide-induced hyponatremia in 
hypertensive patients: sex, body mass index, plasma glucose, and serum albumin. Male sex, body 
mass index, and serum albumin were negatively associated with occurrence of symptomatic 
hydrochlorothiazide-induced hyponatremia in hypertensive patients with adjusted OR of 0.099, 
0.683, and 0.122, respectively. The plasma glucose had adjusted OR of 1.030 [95% CI of (1.009, 
1.051)]. 
Conclusions. Factors associated with hydrochlorothiazide-induced symptomatic hyponatremia in 
hypertensive patients were sex, body mass index, plasma glucose level, and serum albumin level. 
The latter two risk factors have never been reported as risk factors for hydrochlorothiazide-
induced symptomatic hyponatremia in hypertensive patients. 
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Introduction 
 Hypertension is a common disease in clinical practice. It was estimated that there were 
one billion hypertensive patients worldwide. Good control of blood pressure is important and can 
lower cardiovascular morbidities or mortalities particularly stroke or heart failure [1]. The Eighth 
Joint National Committee (JNC 8) recommends using thiazide as the first-line treatment for 
hypertension [2]. A post hoc analysis of ALLHAT study found that chlorthalidone was superior 
to doxazosin in terms of heart failure and stroke prevention with relative risk of 1.80 and 1.26, 
respectively [3].  
 The advantage of thiazide is it’s low cost but it may cause several side effects such as 
hyponatremia, or hypokalemia. These side effects may result in severe morbidities such as 
hospitalization to correct hyponatremia or osmotic demyelination syndrome from hyponatremia 
treatment. Several studies were conducted to evaluate risk factors of thiazide-induced 
hyponatremia in patients with hypertension [4–7]. At least three out of 10 hypertensive patients 
taking thiazide may develop hyponatremia in their lifetimes [4]. Risk factors for thiazide-induced 
hyponatremia included age, female sex, body mass index, and KCNJ1 rs2509585 C/T or T/T 
polymorphisms with adjusted odds ratio (OR) of 1.13, 4.49, 0.80, and 5.75, respectively [6]. 
Even though several risk factors for hydrochlorothiazide-induced hyponatremia have been 
reported such as obesity or advanced age, this study aimed to evaluate additional risk factors for 
hydrochlorothiazide-induced hyponatremia in hypertensive patients. 
 
Materials and methods 
This study was a retrospective analytical study. It was conducted at University Hospital. 
The inclusion criteria were: adult patients, diagnosed with hypertension and receiving 
hydrochlorothiazide treatment. The study period was between 2005 and 2014. Eligible patients 
were all adult hypertensive patients treated at the University Hospital and were divided into two 
groups: with and without symptomatic hyponatremia.  
Symptomatic hyponatremia was diagnosed in patients who had serum sodium less than 
135 mEq/L, had at least one symptom caused by hyponatremia, and required admission. Those 
patients with symptomatic hyponatremia were identified by using the ICD-10 code; E871 in 
summary discharge form of admitted patients, while those without hyponatremia were patients 
who did not have any reported hyponatremia until the last visit in December 2014. The ratio 
between hyponatremia and non-hyponatremia group was 1:2. The non-hyponatremia group was 
randomly selected from the patient list by simple random sampling method.  
Clinical data of all patients were reviewed from medical records. Baseline and clinical 
characteristics of those with and without symptomatic hyponatremia were compared using 
descriptive statistics. When appropriate, a Wilcoxon rank sum/Student’s t-test and Fisher’s exact 
tests/chi-square test were applied to compare the differences between the two groups in terms of 
numbers and proportions, respectively. Univariate logistic regression analysis was applied to 
calculate the crude odds ratio (OR) of individual variables for occurrence of symptomatic 
hyponatremia. All clinically significant variables were included in subsequent multivariate 
logistic regression analysis. Analytical results were presented as crude OR, adjusted OR, and 
95% confidence intervals. The goodness of fit of the multivariate logistic regression model was 
tested using the Hosmer–Lemeshow method. All data analysis was performed using STATA 
software (StataCorp LP, College Station, TX, USA). 
 
Results 
 During the study period, there were 68 patients admitted due to symptomatic 
hydrochlorothiazide-induced hyponatremia. The two most common presenting symptoms were 
fatigue (44 patients, 65.67%) and nausea/vomiting (39 patients, 59.09%). The other presenting 
symptoms were drowsiness (15 patients, 22.39%), hiccup (8 patients, 119.4%), headache (8 
patients, 119.4%), confusion (6 patients, 8.96%), seizure (3 patients, 4.48%), and muscle cramp 
(2 patients, 2.99%). The median serum sodium was 117 mEq/L. The median hospital stay was 3 
days (range 2–5 days). After admission, 32 patients (47.06%) did not received 
hydrochlorothiazide permanently without adding any other antihypertensive drug, while 19 
patients (27.94%) switched to other antihypertensive drugs, 14 patients (20.59%) temporarily 
stopped taking hydrochlorothiazide, 2 patients (2.94%) still received hydrochlorothiazide with 
the same doses, and 1 patient received lower dose of hydrochlorothiazide.  
 Table 1 showed clinical factors of hypertensive patients treated with hydrochlorothiazide 
categorized by presence of symptomatic hyponatremia. There were six factors significantly 
different between those with and without hyponatremia including age, sex, body mass index, 
duration of hydrochlorothiazide therapy, history of diabetes mellitus, and history of coronary 
artery disease. Those with hyponatremia had older age (73 vs. 64 years), lower percentage of 
male (23.53% vs. 37.41%), and lower body mass index (22.43 vs. 25.32 kg/m2), and shorter 
duration of hydrochlorothiazide use (12 vs. 36 months) than those without hyponatremia (Tab. 
1). 
 Regarding laboratory results, hypertensive patients treated with hydrochlorothiazide with 
hyponatremia had 15 different laboratory values from those without hyponatremia (Tab. 2). For 
example, those with hyponatremia had higher plasma glucose (132 vs. 106 mg/dL), lower eGFR 
(47.81 vs. 70.06 mL/min/1.732), and lower serum albumin level (3.9 vs. 4.2 g/dL) than those 
without hyponatremia.  
 There were four independent factors in the model predictive of occurrence of 
symptomatic hydrochlorothiazide-induced hyponatremia in hypertensive patients. These factors 
were sex, body mass index, plasma glucose, and serum albumin (Tab. 3). Male sex, body mass 
index, and serum albumin were negatively associated with occurrence of symptomatic 
hydrochlorothiazide-induced hyponatremia in hypertensive patients with adjusted OR of 0.099, 
0.683, and 0.122, respectively. The plasma glucose had adjusted OR of 1.030 (95% CI of (1.009, 
1.051). The Hosmer-Lemeshow Chi square of the final model was 5.70 (p value 0.681). 
 
Discussion 
 Among the four independent predictors for hydrochlorothiazide-induced symptomatic 
hyponatremia, two of them were similar to other previous reports including female sex [8, 9] and 
lower body mass index [5, 7, 9, 10]. Small size patients may have tremendous change in serum 
sodium due to less total body water [11]. The mechanism of association between female sex and 
diuretic-induced hyponatremia is not well understood [9].  
 A nested case-control study [12] found that thiazide may increase risk of new-onset 
diabetes by 1.54 times (95% CI of 1.41, 1.68). However, there is no previous study showing the 
association of having high plasma glucose as a risk factor for hydrochlorothiazide-induced 
symptomatic hyponatremia. Similarly, there is no previous report on albumin level on 
hydrochlorothiazide-induced symptomatic hyponatremia in literatures. Increasing of serum 
albumin by 1 gm/dL lower risk of hydrochlorothiazide-induced symptomatic hyponatremia by 
88% (Table 3). We postulate that lower albumin level may be associated with poor nutritional 
status and low intravascular volume causing hypervolemic hyponatremia. 
 Age is another risk factor for hydrochlorothiazide-induced symptomatic hyponatremia 
previously reported [9–11]. In this present study, age is not an independent factor for 
hydrochlorothiazide-induced symptomatic hyponatremia by multivariate logistic regression 
which controls for confounding factors. The median age of study population with hyponatremia 
in this study was 73 years which may similar to a previous study conducted in the elderly 
hypertensive patients [13]. The average age of participants in the previous study from the US 
was 74 years [13]. The adjusted OR (95% CI) of thiazide-induced symptomatic hyponatremia 
was 1.47 (0.98, 2.19) which was comparable with the present study. 
 There are some limitations in this study. First, the study population in this study included 
only hypertensive patients with symptomatic hydrochlorothiazide-induced hyponatremia. Those 
with mild hyponatremia who did not required hospitalization were not included. The genetic 
factor previously reported to be associated with thiazide-induced hyponatremia, KCNJ1 
rs2509585 C/T or T/T polymorphisms, were not studied. Finally, due to retrospective study 
design, some factors were missing such as history and quantity of alcohol or smoking. 
 
Conclusions 
 Factors associated with hydrochlorothiazide-induced symptomatic hyponatremia in 
hypertensive patients were sex, body mass index, plasma glucose level, and serum albumin level. 
The latter two risk factors have never been reported as risk factors for hydrochlorothiazide-
induced symptomatic hyponatremia in hypertensive patients. 
 
Compliance with ethical standards and funding 
The authors declare no conflict of interests and did not receive any funding for this project. 
 
Conflict of interests 
None to be declared by authors. 
 
Acknowledgments 
 The authors would like to thank Mr. Dylan Southard for his English language editing and 
Sleep Apnea Research Group, Research Center in Back, Neck and Other Joint Pain and Human 
Performance, Research and Training Center for Enhancing Quality of Life of Working Age 
People, and Research and Diagnostic Center for Emerging Infectious Diseases (RCEID), Khon 
Kaen University, Khon Kaen, Thailand. 
 
Author contributions 
 As in the author statement. 
 
References 
1. Chobanian AV, Bakris GL, Black HR, et al. National Heart, Lung, and Blood Institute Joint National 
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure, National High 
Blood Pressure Education Program Coordinating Committee. The Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 report. 
JAMA. 2003; 289(19): 2560–2572, doi: 10.1001/jama.289.19.2560, indexed in Pubmed: 12748199. 
2. James P, Oparil S, Carter B, et al. 2014 Evidence-Based Guideline for the Management of High Blood 
Pressure in Adults. JAMA. 2014; 311(5): 507, doi: 10.1001/jama.2013.284427, indexed in 
Pubmed: 24352797. 
3. Wright JT, Probstfield JL, Cushman WC, et al. ALLHAT Collaborative Research Group. ALLHAT findings 
revisited in the context of subsequent analyses, other trials, and meta-analyses. Arch Intern Med. 2009; 
169(9): 832–842, doi: 10.1001/archinternmed.2009.60, indexed in Pubmed: 19433694. 
4. Leung AA, Wright A, Pazo V, et al. Risk of thiazide-induced hyponatremia in patients with hypertension. Am 
J Med. 2011; 124(11): 1064–1072, doi: 10.1016/j.amjmed.2011.06.031, indexed in Pubmed: 22017784. 
5. Rodenburg EM, Hoorn EJ, Ruiter R, et al. Thiazide-associated hyponatremia: a population-based study. Am 
J Kidney Dis. 2013; 62(1): 67–72, doi: 10.1053/j.ajkd.2013.02.365, indexed in Pubmed: 23602191. 
6. Huang CC, Chung CM, Hung SI, et al. Clinical and Genetic Factors Associated With Thiazide-Induced 
Hyponatremia. Medicine (Baltimore). 2015; 94(34): e1422, doi: 10.1097/MD.0000000000001422, indexed in 
Pubmed: 26313793. 
7. Chow KM, Szeto CC, Kwan BCH, et al. Risk factors for thiazide-induced hyponatraemia. QJM. 2003; 96(12): 
911–917, doi: 10.1093/qjmed/hcg157, indexed in Pubmed: 14631057. 
8. Sonnenblick M, Friedlander Y, Rosin AJ. Diuretic-induced severe hyponatremia. Review and analysis of 129 
reported patients. Chest. 1993; 103(2): 601–606, doi: 10.1378/chest.103.2.601, indexed in 
Pubmed: 8432162. 
9. Hwang KS, Kim GH. Thiazide-induced hyponatremia. Electrolyte Blood Press. 2010; 8(1): 51–57, 
doi: 10.5049/EBP.2010.8.1.51, indexed in Pubmed: 21468197. 
10. Rastogi D, Pelter MA, Deamer RL. Evaluations of hospitalizations associated with thiazide-associated 
hyponatremia. J Clin Hypertens (Greenwich). 2012; 14(3): 158–164, doi: 10.1111/j.1751-
7176.2011.00575.x, indexed in Pubmed: 22372775. 
11. Rose BD. New approach to disturbances in the plasma sodium concentration. Am J Med. 1986; 81(6): 
1033–1040, doi: 10.1016/0002-9343(86)90401-8, indexed in Pubmed: 3799631. 
12. Cooper-DeHoff RM, Bird ST, Nichols GA, et al. Antihypertensive drug class interactions and risk for incident 
diabetes: a nested case-control study. J Am Heart Assoc. 2013; 2(3): e000125, 
doi: 10.1161/JAHA.113.000125, indexed in Pubmed: 23752710. 
13. Makam AN, Boscardin WJ, Miao Y, et al. Risk of thiazide-induced metabolic adverse events in older adults. 
J Am Geriatr Soc. 2014; 62(6): 1039–1045, doi: 10.1111/jgs.12839, indexed in Pubmed: 24823661. 
 
Table 1. Clinical features of hypertensive patients treated with hydrochlorothiazide categorized 
by presence of symptomatic hyponatremia (hypoNa)  
 
Factors No hypoNa 
(n = 139) 
HypoNa 
(n = 68) 
p value 
Basic characteristics    
Age (years) 64 (55-69) 73 (65-79) < 0.001 
Male sex  52 (37.41) 16 (23.53) 0.046 
BMI [kg/mm2] 25.32 (23.32-28.13) 22.43 (21.08–25.51) < 0.001 
Alcohol drinking 12 (22.22) 6 (17.65) 0.787 
Current smoker  14 (25.45) 8 (22.22) 0.725 
Co-antihypertensive drugs    
  None 23 (17.29) 18 (26.47) 0.127 
  Calcium channel blocker 60 (45.11) 22 (32.84) 0.096 
  Beta-blocker 33 (24.81) 20 (29.85) 0.446 
  Alpha-blocker 5 (3.79) 4 (5.97) 0.488 
  ACEI 41 (30.83) 22 (32.84) 0.773 
  ARB 24 (18.05) 7 (10.45) 0.161 
  Vasodilator 3 (2.26) 5 (7.46) 0.121 
Duration of hydrochlorothiazide 
use 




Doses of hydrochlorothiazide 
[mg] 
  0.550 
  12.5 22 (15.83) 7 (10.77)  
  25 104 (74.82) 53 (81.54)  
  50 13 (9.35) 5 (7.69)  
Co-morbid diseases    
  Diabetes mellitus 55 (39.57) 38 (55.88) 0.027 
  Dyslipidemia 54 (38.85) 18 (26.47) 0.079 
  Stroke  12 (8.63) 6 (8.82) 0.964 
  Coronary artery disease 8 (5.76) 10 (14.71) 0.032 
  Cirrhosis  3 (2.16) 4 (5.88) 0.221 
  COPD 1 (0.72) 3 (4.41) 0.105 
  Asthma 9 (6.47) 2 (2.94) 0.346 
  Gout 7 (5.04) 7 (10.29) 0.157 
  OSA 4 (2.88) 2 (2.94) 0.999 
  BPH 4 (2.88) 3 (4.41) 0.686 
  VHD 4 (2.88) 4 (5.88) 0.443 
  Old tuberculosis 4 (2.88) 2 (2.94) 0.999 
  Cancer 13 (9.35) 3 (4.41) 0.274 
Note: Data presented as numbers (percentage) or median (1st to 3rd quartile range); BMI — body mass 
index; ACEI — angiotensin-converting enzyme innhinitor; ARB — angiotensin II receptor blocker; 
COPD — chronic obstructive pulmonary disease; OSA — obstructive sleep apnea; VHD —valvular 
heart disease 
 
Table 2. Laboratory results of hypertensive patients treated with hydrochlorothiazide categorized 
by presence of symptomatic hyponatremia (hypoNa)  
Factors No hypoNa 
(n = 139) 
HypoNa 
(n = 68) 
p value 
Hematocrit (%) 37.6 (33.8–41.0) 32.2 (28.6–37.3) < 0.001 
White blood cells [x 103/mm3] 7800 (6500–9270) 7150 (6150–8700) 0.109 
Platelet [x 106/mm3] 261 (226–314) 280 (216–336) 0.524 
Glucose [mg/dL] 106 (93–130) 132 (109–180) < 0.001 
BUN [mg/dL] 13.85 (10.00–
18.45) 
15.90 (11.10–23.80) 0.025 
Cr [mg/dL] 0.9 (.07–1.1) 1.0 (0.8–1.3) 0.112 
eGFR [mL/min/1.732] 70.06 (53.74–
92.87) 
47.81 (31.68–69.33) < 0.001 
Uric acid [mg/dL] 6.0 (4.9–7.1) 4.5 (3.7–5.6) < 0.001 
Sodium [mEq/L] 140 (137–141) 117 (114–121) < 0.001 
Potassium [mEq/L] 4.0 (3.7–4.4) 3.8 (3.2–4.3) 0.001 
HCO3 [mEq/L] 25.2 (23.2–27.1) 24.5 (22.4–26.3) 0.158 
Chloride [mEq/L] 100 (97–103) 80 (75–86) < 0.001 
Calcium [mg/dL] 9.1 (8.6–9.4) 8.8 (8.3–9.2) 0.105 
Phosphate [mg/dL] 3.6 (3.1–3.9) 3.3 (2.6–3.6) 0.028 
Cholesterol [md/dL] 178 (153–210) 181 (146–214) 0.559 
Albumin [g/dL] 4.2 (3.7–4.4) 3.9 (3.5–4.2) 0.012 
Globulin [g/dL] 3.1 (2.7–3.6) 3.2 (2.9–3.5) 0.606 
Total bilirubin [mg/dL] 0.5 (0.4–0.7) 0.7 (0.4–1.2) 0.016 
Direct bilirubin [mg/dL] 0.2 (0.1–0.3) 0.2 (0.1–0.3) 0.566 
ALT [U/L] 21 (15–26) 23 (17–40) 0.070 
AST [U/L] 22 (18–30) 31 (24–49) < 0.001 
Alkaline phosphatase [U/L] 75 (62–94) 82 (71–100) 0.172 
Magnesium [mg/dL] 2.0 (1.9–2.2) 1.8 (1.5–1.9) < 0.001 
Triglyceride [mg/dL] 133 (104–178) 110 (75–177) 0.554 
HDL–C [mg/dL] 53 (43–61) 47 (41–59) 0.223 
LDL–C [mg/dL] 113 (95–141) 86 (72–156) 0.207 
Urine sp.gr. 1.014 (1.009–
1.018) 
1.010 (1.005–1.011) < 0.001 
Urine pH 6.0 (5.5–6.5) 7.0 (6.5–7.0) < 0.001 
Note: Data presented as median (1st to 3rd quartile range); BUN — blood urea nitrogen; Cr — creatinine; 
eGFR — estimated glomerular filtration rate; HCO3 — bicarbonate; ALT — alanine aminotransferase; 
AST — aspartate aminotransferase; UACR — urine albumin-creatinine ratio; HDL — high density 
lipoprotein; LDL — low density lipoprotein 
Table 3. Factors associated with symptomatic hyponatremia in hypertensive patients treated with 
hydrochlorothiazide (HCTZ) 
Factors Unadjusted odds ratio 
(95% CI) 
Adjusted odds ratio 
(95% CI) 
Age (years) 1.062 (1.031, 1.093) 1.026 (0.954, 1.105) 
Male sex 0.515 (0.267, 0.993) 0.099 (0.013, 0.764) 
BMI 0.834 (0.761, 0.914) 0.683 (0.542, 0.860) 
Duration of HCTZ 0.986 (0.977, 0.995) 0.975 (0.951, 1.001) 
Dose of HCTZ 1.162 (0.625, 2.160) 6.981 (0.876, 55.617) 
Plasma glucose 1.015 (1.006, 1.024) 1.030 (1.009, 1.051) 
GFR 0.978 (0.967, 0.989) 0.998 (0.970, 1.027) 
Serum albumin 0.558 (0.333, 0.936) 0.122 (0.027, 0.532) 
CI — confidence interval; BMI — body mass index; GFR — glomerular filtration rate 
